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ABSTRACT 

The  mo.t  promising  field  for  wider  application  of  refractory  metals 
and  compounds  i  -.  their  use  as  protective  coatings  on  metals  and  various 
nonmetallic  materials.  The  article  reviews  res.uits  of  systematic 
research  to  develop  a  technology  for  protecting  refractory  metals,  with 
coatings  made  from  refractory  compounds  (carbides.,  nitrides,  borides)  of 
these  metals.  The  research*  conducted  at  the  Institute  of  the  Problems 
of  the  Science  of  Materials  AN  UkrSSR,  tne-ludedi  an  investigation  of 
the  solid  phase  interaction  between  refractory  compounds,  between 
refractory  metals,  and  refractory  compounds,  of  these  metals,  and  between 
refractory  metal  compounds  and  graphite.  On  the  bas.is  of  the  obtained 
results,  an  investigation  was  made  and  jtihe  optimum  conditions  for 
vacuum  diffusion  bonding  and  brazing  TiG,  ZrC,  NbC,  TaC,  Mo^.C  and  WC 
carbides  to  Nb,  Ta,  Mo  and  W  were  determined.  A  satisfactory  technology 
was  also  developed  for  coating  graphite  with  TiC,  7.rC,  NbC,  BNC  and  AiN 
coatings.  In  depositing  aluminum-carbide  and  aluminum-nitride  coatings, 
graphite  specimens  were  placed  into  a  graphite  container  filled  with 
the  required  powder  metal  and  annealed  in  a  vacuum  furnace  for  2-j>  hr  at 
a  temperature  p0-100°C  higher  than  the  melting  temperature  of  the  metal. 

A  homogeneous  aluminum  nitride  layer  was  obtained  in  annealing  graphite 
specimens  in  aluminum  powder  at  77 '>-14  ( :°K.  Dense,  strongly  adhering 
titanium-carbide  coatings  with  a  microhardness  of  .3  44  kg/mm were 
obtained  with  annealing  graphite  specimens,  in  titanium  powder  at  l‘*7P°K 
for  2  hr.  In  a  similar  manner,  zirconium-carbide  coatings  with  a 
microhardness  of  kg/mm4-’,  and  niobium  carbide  (Nb„C)  coalings  with  a 

amc  4  (resr  row,  no  <xmm)  Af’tc  CAAro> 
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microhardneos  of  2580  kg/nun  ,  were  obtained  in  annealing  graphite  specimens 
in  corresponding  metal  powders  at  207>°K  for  2  hr  and  at  2175°K  for  5  hr, 
respectively.  Engineer  A.  N.  Krasnov  and  Engineer  T.  V.  Dubovic 
participated  in  the  work.  Orig.  art.  has:  5  figures  and  8  tables. 


NEW  HEAT-RESISTANT  MATERIALS  FOR  WORK  IN  CONTACT  WITH  REFRACTORY 
METALS 

A.  L.  Burykina 
0.  V.  Yevtushenko 
T.  M.  Yevtushok 
L.  V.  Strashninskaya 

The  development  of  modern  technology,  is  associated  with  the 
increased  temperature  of  technological  processes;  for  this  reason 
refractory  metals  and1  their  compounds  have  wider  and  wider  use  [16]. 

A  highly  promisive  area  for  the  use  of  refractory  compounds  is 
as  coatings  on  metals  and  various  nonmetallic  materials,  for  example, 
graphite,  which  together  with  tungsten  is  considered  the  most  promising 
high-temperature  structural  material,  provided  the  problem  of 
protecting  it  from  oxidation  and  gas  erosion  can  be  solved  [17,  18]. 

The  quite  good  development  of  the  technology  of  creating  certain 
coatings,  and  also  a  comprehensive  study  of  their  properties,  permits 
a  significant  expansion  of  the  field  of  application  of  refractory 
compounds  in  high-temperature  engineering. 

In  the  area  of  refractory  compounds  the  Institute  of  Problems  of 
the  Science  of  Materials,  Academy  of  Sciences,  Ukr.  SSR  is  conducting 
systematic  work  in  the  indicated  directions . 
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Study  of  the  Solid-Phase  Interaction  of  Refractory  Compounds  with 
Refractory  Metals,  Compounds,  and  Graphite 

Works  [19,  20]  studied  the  behavior  during  heating  in  a  vacuum 
(5*10-2  mm  hg)  of  the  powdered  carbides:  TiC,  ZrC,  HfC,,  NbC,  TaC, 

Mo2C,  WC;  nitrides:  TIN,  ZrN;  borides:  TiB2,  ZrBg,  TaB2>  Mo2B,-, 

and  hot-extruded  oxides:  BeO,  MgO,  Zr02,  TnOg  in  contact  with 
solid  refractory  metals:  Nb,  Ta,  Mo,  V.  The  interaction  was  studied 
of  oxygen-free  refractory  compounds  —  carbides:  TiC,  ZrC,  HfC,.  NbC, 
TaC,  Mo2C,  and  WC  and  nitrides:  TIN,-  ZrN;  borides:  TiB2,  ZrB2  with 
oxides  MgO  and  ZrO  [21],  and  also  carbides:  TiC.,  ZrC,  HfC,  NbC,  TaC, 
Mo2C  and  WC;  borides:  Mo^,  W^,  TiB2_,  ZrBg.,  HfBg,  NbBg,  TaBg  with 
graphite  [22].  The  interaction  was  studied  of  silicon  carbide  in 
contact  with  refractory  metals:  Nb,  Ta,  Mo,  W  and  c  ides:  BeO,  MgO, 
A1203,  Zr02,  Th02  and  the  interaction  of  TiB2,  TiC,  TiN  with  Ti,  Zr, 

V,  Nb,  Ta,  Mo,  W. 

-By  metallographical  analysis  of  the  zones  of  contact  after  heating 
it  was  established  that,  depending  on  the  nature  of  the  components,  the 
temperature  and  the  time  (duration)  of  the  test  at  the  contact  boundary 
of  the  refractory  metals ,  there  occur  intermediate  phases :  chemical 
compounds  or  solid  solutions,  having  high  microhardness  (from  1000  up 
to  *1000  kgf/mm2). 

Identification  of  the  phases  formed  ;was  carried  out  by  the 
microhardness  method  [19-22]  or  by  the  microhardness  method  in 
combination  with  x-ray  phase  analysis.  However,  in  a  number  of 
situations  it  was  not  possible  to  draw  a  simple  conclusion  as  to  the 
nature  of  the  intermediate  phases  formed. 

The  typical  structure  of  several  contact  boundaries  of  two 
refractory  materials  after  heating  Is  shown  in  Fig.  1.13: 

a  -  microstructure  of  the  boundary  of  IlfC-Nb  after  heating  at 
a  temperature  of  22?3°K  for  a  period  of  five  hours.  The  forming  phase 
in  the  form  of  a  wide  layer  adjoins  the  metal  and  penetrates  into  the 
sample  along  the  grain  boundaries.  Micrchardness  of  the  phase  at  a 
load  of  50  gf  Is  *1250  ±  350  kgf/rnm2 ,  which  corresponds  to  the 
.microhardness  of  solid  solution  HfC-NbC; 
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b  -  micros tructure  of  the  ZrO^-SiC  boundary  after  heating  at  a 
temperature  of  2073°K  for  a  period  of  two  hours.  On  the  surface  of  the 
oxide  there  forms  a  layer  of  gray  color  with  metallic  lustre  and 

p 

microhardness  of  2160  ±  150  kgf/mm  .  According  to  x-ray  analysis  the 
new  phase  is  a  zirconium  carbide  with  a  small  content  of  carbon 
by  weight) . 


With  the  Increase  of  interaction  temperature,  the  carbon  content 
in  the  zirconium  carbide  in  contact  with  the  silicon  carbide  is  reduced 
to  a  zirconium  carbide  with  a  composition  close  to  stoichiometric. 


The  temperatures  at  the  beginning  of  the  reactions  for  analysed 
compositions  are  given  in  Tables  1.17-1. 20. 


Fig.  1.1,3.  Microstrueturo  of  contact  boundaries  of  refractory 
materials  at  hJgli  temperatures  In  a  vacuum: 

a)  HfC  (powder)  Nb  after  heating  at  2?73°K  for  ‘j  hours  (1  -  Mb, 


FTD-HT-23-892-68 


3 


2  -  new  phase  -  solid  solution  HfC-NbC);  b)  ZrO?-SiC  (powder) 
after  Heating  at  a  temperature  of  2073°K  for  2  hours  (1  -  ZrO.,, 

2  -  now  phase  ZrC,  3  -  SIC);  c)  WC-Mo  after  diffusion  welding 
under  the  conditions:  2273°K,  10  min,  0.5  kgf/mm2  (1  -  WC, 

2  -  new  phase,  Mo0C  and  WC);  d)  NbC-Mo  after  diffusion  welding 
under  the  conditions:  2073°K,  10  min,  0.5  kgf/mm2  (1  -  NbC, 

2  -  Mo).  Magnification  200x. 

TABLE  I.17«  Starting  temperatures  of  weld  junction  formation  of 
carbides  with  metals,  in  °K. 


Metal 

Carbides 

TIC 

ZrC 

NUC 

TnC 

MojC 

WC  • 

Ni> 

1 673 

157.1 

1473 

T.i 

— 

217.1 

J07.1 

217.1 

— 

- 

Mo 

187.1 

157.1 

187.1 

107.1 

157.1 

187.1 

w 

" 

207.1 

207.1 

227.1 

167.1 

177.1 

TABLE  I.l8.  Temperatures  at  the  beginning  of  reaction  between 
the  metals,  graphite,  and  refractory  compounds,  in  °K  (duration 
of  contact  5  h). 


1 

1 

* 

Material 

1 

Compound 

Nb  j 

Tn  ] 

Mo  | 

W  I  Graph  It* 

Temper* tup«  at  Vie  beginning  of  the  ! 

TiC 

197.1 

2173 

2273 

2273 

247.1 

ZrC 

167.1 

2473 

227.1 

2173 

2473 

me 

1673 

167.1 

177.1 

2273 

2473 

Carbides 

NbC 

197.1 

1973 

197.1 

2173 

2473 

T.-iC 

1673 

2173 

227.1 

217.1 

2473 

Mo,C 

1773 

2073 

197.3 

1973 

2473 

WC 

2173 

197.1 

227.3 

227.1 

2473 

SiC 

1573  ** 

147.1** 

1473** 

1773  ** 

— 

TIN 

2073 

227.1* 

2273* 

227.1 

___ 

Nitrides 

ZrN 

2273 

2373 

237.1 

2373 

— 

Till, 

1573  •• 

1873" 

167.1 

— 

2073 

217.3 

Zrll, 

M7.1 

1473 

1473 

1473 

247.1 

mu, 

- 

— 

247.1 

Horidee 

Nbl), 

- 

— 

247.1 

Till), 

107.3** 

1673  ** 

167.1 

1773 

2473 

MO,l), 

1573 

1573 

1573 

1473 

2373. 

■  W,l), 

1673 

1673 

1573 

1673 

2473 

BcO 

1973* 

1973* 

___ 

1873* 

_ 

Ox  ld«« 

MgO 

2173 

2073 

2273 

2273 

— 

ZrO, 

2273 

2073 

2273 

2273 

— 

ThO, 

2373 

2373 

2373 

2373 

~ 

I  •  Tin#  of  contact 

1  h. 

**  Time  of  contact  2  h. 

f| 
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Diffusion  Welding  and  Brazing  of  Refractory  Compounds  with  Refractory 
Metals 

The  most  promising  method  of  joining  refractory  materials  is  vacuum 
diffusion  welding.  Fusion  welding  in  the  given  situation  turns  out  to 
be  unacceptable  because  of  technical  difficulties  (high  melting  point) 
as  well  as  because  of  the  insufficient  heat  stability  of  these 
materials.  For  selection  of  diffusion  welding  conditions  the  results 
on  research  of  solic-phase  interaction  in  a  vacuum  can  be  used. 

However,  in  a  number  of  instances  the  temperatures  at  the  beginning 
of  the  reaction  and  the  nature  of  the  interaction  of  the  refractory 
materials  during  diffusion  welding  are  different  from  those  observed 
in  those  situations  where  one  or  both  of  the  components  are  taken  in 
powder  form. 

According  to  the  method  described  in  work  [23],  the  conditions  of 

vacuum  diffusion  welding  of  the  carbides  TiC,  ZrC,  NbC,  TaC,  Mo2C,  WC 

with  the  refractory  metals  Nb,  Ta,  Mo,  W  were  studied.  The  research 

took  place  in  the  temperature  range  l/f73-2273°K.  Holding  at  a  given 

2 

temperature  was  5-15  min,  pressure  -  0.5-1. 5  kgf/mm  .  The  quality  of 
the  weld  junctions  was  checked  by  metallographlc  analysis.  With  the 
purpose  of  explaining  the  nature  of  the  phases  formed  during  welding, 
the  microhardness  of  the  substances  was  changed  in  the  zone  of  contact. 

The  temperatures  at  which  the  weld  junction  of  the  carbides  with 
metals  starts  to  be  formed  are  given  in  Table  1.17. 

As  follows  from  Table  I.] 7,  the  starting  temperatures  of  format. I ori 
of  the  weld  Junction  differ  significantly  from  the  beginning  temperature 
of  the  reaction  of  solid  metals  with  powdered  refractory  compounds 
(Table  1.20). 

During  metallographlc  research  it  was  established  that  with 
increasing  temperature,  the  quality  of  the  weld  junction  for  all 
compositions  became  better.  At  the  contact  boundary  there  occur  most 
often  solid  solutions  of  carbon  in  metal  or  solid  solutions  of 
carbides  (Fig.  1.13  c,d).  The  composition  of  the  solid  solutions 
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depends  on  the  welding  temperature;  during  this  the  formation  of 
carbides  or  their  solid  solutions  is  preceded,  as  a  rule,  by  the 
formation  of  a  solid  solution  of  carbon  in  metal  at  lower  temperatures. 
The  characteristic  of  the  weld  junction  during  optimal  welding 
conditions  is  given  in  Table  1.21. 

Por  compounds  of  materials  not  forming  a  chemical  bond,  the 
diffusion  welding  method  in  the  form  used  by  us  for  carbides  is 
inapplicable.  Por  example,  the  diffusion  welding  method  cannot  be 
used  to  weld  boron  nitride  and  carbonitride  with  refractory  metals 
Nb ,  Ta,  Mo,  W,  since  these  materials  do  not  interact  with  each  other 
in  a  solid  state. 


Por  compounds  of  materials  not  forming  a  chemlcaJ  bond.  It  is 
necessary  to  introduce  an  intermediary  body  —  a  "binder"  -  mutually 
soluble  with  these  materials.  Por  compounds  of  boron  nitride  and 
carbonitride  with  refractory  metals  a  method  of  brazing  was 
developed  using,  as  the  brazing  material,  refractory  compounds  that 
are  chemically  active  relative  to  these  materials . 


oH:-  ■  I  ::\2\ 

£  o  pv  •  \  ..  u  .UV-  *  -'I:-  >•.'•'•  *  •  *  '  i 

a.  oil.  V  _V  • 


'  *•>»  ■  - 
..  $  3  *  t'  /. 


;  vi-  •'  *•,  i-  ’  '  -  '  \  "  }  ! 


Pig.  Iil^l.  Microstructure  of  junctions  of  refractory  materials:, 
a)  BN-Ta  (.1  -  BN,  .?  -  braze,  3  -  Ta);  b)  BNC-Mo  (1  -  BNC , 

2  -  braze,  3  -  Mo).  Magnification  100*. 


The  braze  was  in  the  form  of  finely  dispersed  powder  or  pellets 
with  a  thickness  of  up  to  2  mm .  Brazing  took  place  in  an  induction 
furnace  in  an  argon  atmosphere  at  temperatures  of  P073-Pb73oK.  The 
quality  of  the  Joint  was  checked  by  metal Lographic  analysis.  Tin? 
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results  of  the  research  are  given  in  Table  1.22,  the  photographs  of 
the  weld  microstructure  -  in  Pig.  I.lH  a,  b.  As  follows  from  the 
table,  the  best  refractory  brazes  turned  out  to  bo  dislMcldo  of 
molybdenum  and  zirconium. 


TABLE  1.21.  Characteristics  of  weld  junctions  of  carbides  with 
metals  during  optimal  welding  conditions. 


»  X 

P  O 

L 

Koming  phase 

Welded 

as 

iii 

Chunscts  r  1st  los 

materials 

II 

n.  ,< 

H  E 

(mole  composition 
In  1C) 

of  weld  tens 

TiC— Mo 

1973 

0.5 

10 

Mo,C 

Narrow  dense  band 
of  the  nsw  phase 

TiC— W 

— 

Old  not  sueessd  in  bond  In# 

— 

ZrC-Nb 

1873 

1.5 

10 

NbC 

Dense  band  of  the 

new  phase  with 

20-30  mm  width 

ZrC-Ta 

2273 

0.5 

10 

TaC+20  ZrC 

Mo-C 

solution 

Dtnss  band  of  the 

nsw  phase  with 
<0  p  width 

ZtC — Mo 

1773 

1,5 

10 

Siarp  nonporous 
boundary 

ZrC-W 

2073 

1.5 

10 

w-c 

solution 

Porous  Junction 
WIIIM* 

NbC-Nb 

1873 'J 

0.6 

10 

Nb,C 

Porous  band  of 
the  nsw  phase 
with  sop  width 

NbC — Ta 

-2073 

0.0 

10 

NbC  |-40  TaC 

Sol  id 

solution  C 

JJeniis  narrow  band 
of  the  nsw  phase 

NbC-Mo 

2073 

0.5 

10 

Sliarp  nonporous 
boundary 

NbC— W 

2073 

0.5 

10 

NbC+30  WC 

Porous  band  of  the 
new  phase  with  a 

30  p  width 

TaC-Nb 

1473 

0.5 

10 

Solid  NbC 

solution 

Porous  Junction 

TaC— Ta 

2173 

0,5 

10 

T»,C 

Dense  band  of  nsw 
ohass  with  Irregular 
eidth 

TaC— Mo 

1873 

0,5 

10 

Ts-Mo-C 

Narrow  dense  band  of 
the  nsw  phsss 

TaC-W 

' 

2273 

0.5 

10 

Ta-WC 

Wide  ilsnss  band  of 
earl-lds  TaC 

MojC—Mo 

1073 

0.5 

10 

::o1 1,1  Mo,C-  -Mo 

.Tinrp  nonporous 

solution 

boundary 

Mo,C — W 

1773 

0.5 

10 

joi  Id 
solution 

Porous  Junction 

WC-Mo 

2123 

0,5 

10 

Mo  -WC.  Mo,C 

Nidi-  two-phase  land 

WC-W 

2173 

0,5 

10 

N,C-WC 

Porous  band  of  the 

nsw  phase  with  s 

700-800  [j  width 
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1  * 

<r 

Welded 
water  lulu 

*!  0 
r  «. 

IS* 

3  s 

■ 

n  Jt 

•»  * 

J  5 
*-  * 

Fomin?  phut 
(*»1*  conpoaitton 
In  SI) 

Chnrnctarlat  ica 
of  weld  zone 

TiC-TiC 

2173 

0.5 

10 

TiC 

Local  ion  practi¬ 
cally  tndiacam- 
tble 

iMOjC — Mo,C 

1973 

0.5 

10 

Mo,C 

Location  praetl- 
aally  indlacern- 

lble 

U'C-WC 

2273 

0.5 

30 

\VC 

Porcua  junction 

*  » 

TABLE  1.22.  Means  of  brazing  boron  nitride  and  carbonitride 
with  refractory  metals. 


Coaipoattion 

hr*70 

naterlala 

lanparatura 
of  brazing, 
0|( 

Junction  charaetartatie 

HN-Nb 

M«Sij 

2323 

Junction  a  tab!  a 

Zr 

2173 

No  Junction 

BN— Ta 

Zr 

2173 

Junction  a  table 

MoSi, 

2323 

No  Junction 

UN— Mo 

MoSi, 

2323 

Junction  atable 

BN— W 

MoSi, 

2323 

Junc  tion  a  table 

Ti 

2073 

Junction  atabla,  but  Tl 
lntaraota  nlth  BNC,  fomlng  7 IN 

BNC — Nb 

VC. 

2373 

No  Junction 

ScN 

2373 

Junction  atable,  but  Kb 
partially  dtaaolvea  in  ScN 

MoSi, 

2323 

Junction  atabla 

Scfiz 

2373 

Junetion  una table 

BNC-Ta 

Zr 

2173 

Junction  una  table 

MoSi, 

2273 

No  Junction 

ScN 

2373 

Junetion  atabla,  but  Mo 
interacta  with  ScN 

BNC— Mo 

MoSi, 

2323 

Junction  atabla 

Sc*0| 

2373 

Junction  una  table 

Zr 

2573 

Junetion  atabla 

BNC — W 

I.nC, 

2373 

Junction  stAblt 

MoSi, 

2303 

Junction  atable 

Diffusion  Coatings  of  Hcfraclory  Compounds  on  (JraphJ  to 

The  possibility  of  practical  utilization  of  graphite  lri  high- 
temperature  processes  is  highly  restricted  because  of  the  strong 
oxidation,  erosion  and  burn-up  in  gas  flows  and  interaction  with 
carbide-forming  metals.  Along  with  this,  protection  of  the  graphite 
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from  oxidation,  burn-up,  and  interaction  with  the  metals  .Is  an 
important  scientific-technical  problem.  Promising  materials  for 
application  of  coatings  can  be  refractory  compounds,  primarily  carbides, 
nitrides,  borides,  and  silicides  of  metals  and  their  alloys.  Apart 
from  protection  from  oxidation,  refractory-compound  coatings  possessing 
hardness  and  wear-stability  permit  increasing  the  mechanical  properties 
of  the  graphite. 

We  investigated  the  conditions  of  applying  coatings  of  titanium, 
zirconium  and  niobium  carbides,  boron  carbonitride ,  and  aluminum 
nitride  onto  graphite. 

The  process  of  coating  carbides  and  aluminum  nitrides  consists 
of  two  consecutive  stages. 

1.  Vacuum  coating  of  the  metallic  layer  from  the  liquid  phase. 

2.  Diffusion  annealing  -  carbidization  (nitration)  of  the 
metallic  layer. 

The  samples  were  placed  in  a  graphite  holder,  covered  with  the 
powdered  metal  and  heated  in  a  vacuum  furnace  to  temperatures  50-100°C 
higher  than  the  melting  point  of  the  metal.  The  metal  layer  can  also 
be  deposited  by  another  method,  in  particular,  by  plasma  spray-coating, 
permitting  coating  of  an  article  of  large  dimensions.  When  applying 
AIN  coatings  to  graphite  the  method  of  plasma  spray-coating  of  the 
metallic  layer  was  utilized.* 

Diffusion  annealing  of  graphite  specimens  with  metallic  coatings 
took  place  in  a  vacuum  resistance  furnace  with  a  graphite  heater  at 
a  temperature  range  1773-2173°K.  Thanks  to  carbon  diffusion  in  the 
solid  metal,  carbidization  of  the  metallic  layer  took  place,  the 
composition  and  properties  of  the  formed  carbides  being  dependent 

^Engineers  A.  N.  Krasnova  and  T.  V-  Dubovlk  helped  to  develop 
aluminum  nitride  coatings  on  graphite. 
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on  the  temperature  and  time  of  diXTusion  annealing  (Rig.  I.Jb  a,  b,  c). 
This  is  particularly  noticeable  for  titanium  carbide  which  has  a  wide 
region  of  homogeneity.  We  experimentally  established  the  conditions 
of  annealing  during  which  the  carbide  coatings  had  compositions  close 
to  stochiometric ,  For  each  annealing  temperature  it  is  possible  to 
calculate  the  time  required  for  changing  the  metallic  layer  into 
carbide,  proceeding  from  the  thickness  of  the  layer  and  data  also  on 
the  carbon  diffusion  in  metal  [24-].  In  Table  1.23  are  given  the 
optimal  conditions  of  producing  titanium-,  zirconium-  and  niobium- 
carbide  coatings  on  the  graphite. 

For  depositing  the  aluminum  nitride  layer  on  the  graphite, 
diffusion  annealing  was  carried  out  in  a  nitrogen  environment  in  a 
graphite-tube  resistance  furnace. 

Various  conditions  of  nitration  and  charging  were  tested.  A 
uniform  layer  of  aluminum  nitride  was  obtained  during  nitration  in 
aluminum-powder  charging  in  the  temperature  range  773-1^73°K;  heating 
was  carried  out  at  a  rate  of  10  deg/min,  holding  at  maximum  temperature 
was  selected  depending  on  the  annealing  temperature. 

Boron  carbonitride  was  deposited  on  graphite  by  means  of  baking, 
in  a  nitrogen  medium,  of  the  charge  layer  calculated  to  produce  boron 
carbonitride.  For  this,  the  charge,  mixed  in  the  binder  (solution  of 
nitrocellulose  in  acetone),  was  deposited  on  the  graphite  specimens, 
which  then  were  dried  and  placed  in  a  graphite  holder  with  a  covering 
made  of  a  cake  of  boric  acid  with  carbon  b.lack.  Baking  took  place  Jn 
a  graphite-pipe  resistance  furnace  at  a  temperature  of  2373°K  and  a 
time  of  1-3  h  (dependent  on  the  deposited  layer).  The  coating  received 
had  good  cohesion  with  the  graphite  backing  and  a  uniform  composition 
throughout  the  layer. 

TABLE  1.23.  Characteristic  of  carbide  coatings  at  optimal 

conditions  of  diffusion  annealing. 


Corbida 

Amit<«l  in,* 

tlaa 

Ti.-r-ppr*  tore, 
°K 

L»tt  icc 
constant 
to  X 

lilcro- 
handntfs 
kef  Au.i7 

w-rfen 

enntant 

s*  by  "«i^it 

TiC 

2 

1073 

1,319 

314-1 

20,0 

ZrC 

2 

2073 

-1,088 

2750 

11,8 

Nb,C 

3 

2173 

3,18  :  5,00 

2380 

11,2 
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Fig.  1.15.  Microstructure  of  titanium  carbide  coatings  on 
graphite:  a)  without  diffusion  annealing  (from  top  to  bottom 

titanium  layer,  graphite  layer);  b)  annealing  at  1273°K  for  a 
period  of  1  h  (upper  layer  —  solid  solution  of  carbon  in 
titanium,  in  the  middle  —  titanium  carbide,  below  —graphite); 
c)  annealing  at  1773°K  for  a  period  of  2  h  (from  top  to  bottom 
titanium  carbide,  graphite).  Magnification  200*. 
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